fined as 8 -12 Hz) predicts higher amplitude of the bloodoxygen level-dependent response evoked by visual simulation (Scheeringa et al. 2009 ), as measured by functional magnetic resonance imaging. The instantaneous phase, windowed to encompass the time interval immediately before stimulus onset, also predicts the probability of stimulus detection (Busch et al. 2011; Busch and VanRullen 2010) . In the case of alphaband oscillations, the neural bases of these effects have been proposed to reflect the "pulsed-inhibition" of ongoing neural activity (Mathewson et al. 2009 ), a corollary of the idea that ensembles that oscillate in the alpha-frequency range can no longer effectively process information (Jensen and Mazaheri 2010) . In another line of research, Lange et al. (2013) used visual illusions to test whether prestimulus alpha-band power related to veridical perception. They found that low prestimulus alpha-band power was a better indicator of whether a subject reported a stimulus than of veridical perception per se. They, along with others, suggest that prestimulus alpha-band power might determine instantaneous cortical excitability and that this state of excitability is subject to change moment-bymoment. In this context, excitability implies a momentary brain state in which, for example, the visual cortex is more receptive to input from another brain area.
Another line of work, in the nonhuman primate, has implicated a role for oscillations in the beta band (roughly 15-25 Hz) in "clocking" behavioral functions such as shifts of attention and the generation of eye movements (Buschman and Miller 2009 ). The beta band may also be an important frequency band for the implementation of top-down control via long-range phase synchronization (Engel and Fries 2010) .
Transcranial magnetic stimulation (TMS) can be used to induce weak electrical currents in targeted tissues, thereby altering ongoing neural activity (Walsh and Pascual-Leone 2005) . Incorporating TMS with electroencephalography (EEG) has made it possible to directly observe the effects of TMS on this activity. TMS of visual cortex at particular intensities can induce the perception of phosphenes, a phenomenon characterized by the subjective experience of brief light flashes in the absence of light entering the eye. The probability of TMSinduced phosphene perception has been used to operationalize cortical excitability in humans, and the probability of a subject reporting TMS-induced phosphenes is correlated with trial-bytrial fluctuations in the prestimulation power (Romei et al. 2008 ) and phase (Dugué et al. 2011 ) of alpha-band oscillations. These studies suggest that TMS may interact with underlying brain oscillations such that the phase and power of these oscillations predict the effects of TMS on subsequent behavior. Romei et al. (2008) suggest that signal detection may depend on fluctuations in cortical excitability, such that low prestimu-lation alpha-band power is thought to correspond to a state in which the cortex is more receptive to input, in this case, by TMS-induced current.
A limitation of task-related visual perception and of phosphene perception, however, is that both are indirect measures of cortical excitability and connectivity, in that they, presumably, reflect the result of several electrophysiological steps after stimulation. What does "increased excitability" look like at the network level in the whole brain? One way to investigate this is to assess whether the TMS-evoked response (TMS-ER) itself is influenced by the prestimulation phase and/or power. Unfortunately, in the case of the phosphene perception paradigm, the visual-evoked potential produced by visual cortex as a result of perceiving the phosphene will necessarily confound the measurement of the TMS-ER itself. Thus, in the present study, we investigated whether trial-by-trial variations in prestimulation phase and/or power influenced properties of the TMS-ER to single pulses delivered to the superior parietal lobule (SPL) during the delay period of a spatial short-term memory (STM) task. The data were drawn from a previously published study that showed that the TMS-ER differed depending on whether TMS was applied during the performance of the STM task vs. during a perceptually identical period of fixation (Johnson et al. 2012) . Crucially, the site of stimulation ensured that there was no perceptual evoked response from TMS in this task context.
Results revealed that spontaneous fluctuations in prestimulation phase within the beta-frequency band had a systematic effect on the amplitude and spectral properties of the TMS-ER. No such effects were found for prestimulation power. These findings provide direct support for the idea that moment-bymoment changes in underlying, spontaneous oscillations, as indexed by changes in prestimulation phase, perhaps more so than power, may drive trial-by-trial variations in behaviors, such as visual perception, through changes in cortical excitability and/or connectivity.
METHODS

Subjects
Sixteen subjects recruited from the University of Wisconsin-Madison community participated in the study [8 males, mean age ϭ 21.9 (SD ϭ 2.9)], described in Johnson et al. (2012) . The study protocol was approved by the University of Wisconsin-Madison Health Sciences Institutional Review Board. All subjects gave written informed consent and were screened for neurological and psychiatric conditions and other risk factors related to the application of TMS before participation.
Experimental Task and Procedure
Single pulses of TMS were delivered to the SPL during the delay period of a spatial STM task. Each trial of the task began with a 1,000-ms fixation period followed by the sequential presentation of four memory targets at different, randomly selected screen locations. Stimulus presentation was followed by a 3,750-ms delay period, during which the central fixation cross remained visible, followed by the appearance of a probe stimulus that was present for up to 2,000 ms ( Figure 1A) . When the probe appeared, subjects made a yes/no button press, indicating whether the location of the probe matched the location of any one of the four memory targets (50% probability). On 50% of trials (randomly interleaved), two TMS pulses were delivered at an average rate of 0.5 Hz during the delay period: the first pulse was delivered 750 Ϯ 250 ms after delay-period onset (i.e., a minimum of 500 ms after the offset of the final memory array item), followed by the second pulse 2,000 Ϯ 250 ms later. Trials with TMS will be referred to as the TMS on trials/condition, and trials without TMS will be referred to as the TMS off trials/condition. Trials were separated by a 1,000-ms intertrial interval. A total of 160 TMS pulses were delivered across 80 TMS on trials, intermixed with an equal number of TMS off trials. Full details can be found in Johnson et al. (2012) .
TMS Targeting and Stimulation
TMS was delivered with a Magstim Standard Rapid magnetic stimulator equipped with a 70-mm figure-of-eight stimulating coil (Magstim, Whitland, UK). TMS was applied to a portion of the left SPL [Brodmann's Area (BA) 7] dorsal and medial to the intraparietal sulcus and posterior to the postcentral sulcus (Fig. 1A, inset) . The SPL was identified on the basis of individual anatomy from whole brain T1-weighted anatomical MRIs that were acquired with a GE MR750 3T MRI scanner for each subject before the study (176 axial slices with a resolution of 1 mm). TMS targeting was achieved using a Navigated Brain Stimulation (NBS) system (Nextstim, Helsinki, Finland) that uses infrared-based frameless stereotaxy to map the position of the coil and the subject's head within the reference space of the individual's high-resolution MRI. TMS was delivered at an intensity of 110 -140 V/m (for a given subject, intensity and coil position were held constant across the task; Rosanova et al. 2009; Casali et al. 2010) . Maximum stimulator output varied from 65 to 92% (M ϭ 82%, SD ϭ 9%). Pulses were biphasic with a pulse duration of 0.280 ms. To avoid contamination of the EEG by auditory artifacts, masking noise was played through inserted earplugs throughout the testing session, as in previous studies (Esser et al. 2006) .
EEG Recording
EEG was recorded with a 60-channel TMS-compatible amplifier (Nexstim; Helenski, Finland), which uses a sample-and-hold circuit that holds amplifier output constant from 100 s pre-to 2 ms poststimulus. Electrode impedance was kept Ͻ3 k⍀. There was a 0.1-Hz high-pass filter built into the amplifier. A single electrode, placed on the forehead, was used as the reference and eye movements were recorded with two additional electrodes placed near the eyes. Data were sampled at 1,450 Hz with 16-bit resolution.
Data Preprocessing
Data were processed offline using the EEGLab toolbox (Delorme and Makeig 2004) running MATLAB R2012b (Mathworks, Natick, MA). The data were downsampled to 500 Hz, band-pass filtered between 2-80 Hz, and notch filtered at 60 Hz. Movement-related artifacts were identified and removed by visual inspection and individual electrodes exhibiting excessive noise were reinterpolated using spherical spline interpolation. All data were average referenced. Independent components analysis was then used to identify and remove components reflecting residual muscle activity, eye movements, blink-related activity, and residual TMS-related artifacts. Eye movements, blinks, and muscle artifacts were detected using standard procedures as described in (Jung et al. 2000) . TMS artifacts were identified and removed as described in Hamidi et al. (2010) . Greater than 91% of trials (roughly 146/160 trials per subject) remained after removal of trials containing large artifacts, resulting in an average of 146 (SD ϭ 18) TMS pulses available for analysis per subject after data processing.
Analysis Methods
Overview. The goal of the study was to determine if the power or phase immediately before TMS predicted the amplitude and/or extent of propagation of the TMS-ER on a trial-by-trial basis. We ap-proached the problem using a two-step process. The rationale for step 1 was that, because specific frequencies involved in determining these properties of the TMS-ER were not known a priori, we would first empirically determine candidate frequencies based on the aspects of the EEG signal that accounted for variation in the TMS-ER. Having done so, step 2 would characterize how prestimulation phase at the frequencies identified in step 1 influenced spectral properties of the TMS-ER measured across the scalp.
To begin step 1, trials were sorted by a measure of brain activation that captures the global amplitude and spread of the TMS-ER, the global mean field amplitude (GMFA; Lehmann and Skrandies 1980; Komssi et al. 2004) . We then determined which frequencies showed the greatest difference in power or intertrial phase coherence (ITC; Tallon-Baudry et al. 1996) before TMS using GMFA as a dependent categorical variable. Specifically, we labeled the GMFA as being either "high" or "low" relative to the median value (Fig. 1B) . Based on the assumption that EEG signals are derived from fluctuations in local field potentials of cortical ensembles, we assumed that oscillatory sources generating coherent signal (showing higher ITC) in particular frequency bands would have greater collective influence on the subsequent TMS-ER than noncoherent sources (i.e., those showing relatively low ITC; Pesaran et al. 2002; Tallon-Baudry et al. 2004 ). Additionally, sources generating signal with high power in certain frequencies were assumed to have more "potential energy" to subsequently influence the TMS-ER than sources generating low amounts of power. It may be the case that these sources are composed of more neural elements as well. Thus relatively low power was interpreted to mean that the relative size of the underlying neural ensemble was either smaller or less activated prestimulation and thus would not have as much of an influence on the TMS-ER (quantified at the scalp level as the GMFA).
Step 2 of the analysis was more exploratory in nature and involved characterizing how prestimulation phase at the frequencies identified in step 1 influenced spectral properties of the TMS-ER measured across the scalp. (Note that, because prestimulation power was not found to predict the GMFA in step 1, power was not addressed in step 2.) To do so, we assessed the trial-by-trial variations in "post-TMS" power by resorting all trials now according to prestimulus phase and short-term memory (STM) task and experimental set-up. Subjects performed a spatial STM task in which they were asked to remember the locations of the 4 shapes and indicate whether the probe's location matched a location of one of the targets. The shape of the targets is irrelevant to this task. TMS was applied to the superior parietal lobule using MRIguide stereotaxy (inset). B: global mean field amplitude (GMFA) in High and Low bins. The GMFA averaged over subjects, sorted into High (red trace) and Low (blue trace) bins. Height and width of ribbon denotes means Ϯ SE. TMS delivery at time 0 (black line). ITI, intertrial interval.
the frequency and time points prestimulation, defined by step 1 and determining the effect of phase on post-TMS power across conditions. These effects were compared with the EEG recorded during corresponding segments of a cognitively equivalent "no TMS" condition (the TMS off condition), in which participants completed the STM task in the absence of TMS. The post-TMS evoked power has been suggested to reflect resonance properties of cortico-thalamic circuits (Rosanova et al. 2009 ) and has been used as a measure of the "state" of the stimulated cortical networks, specifically, the state of the network "effective connectivity" (Casali et al. 2010) .
Procedures. STEP 1. To determine which frequencies influenced the TMS-ER, we calculated the GMFA, as follows (based on Lehmann and Skrandies 1980):
where t is the time point in the trial, i is the present electrode number, and k is the total number of electrodes. The GMFA was calculated from 10 to 400 ms post-TMS. We then sorted each subjects' trials via median split into those with high or low GMFA (High and Low groups, Fig. 1B ). Because TMS was delivered near channel P1, the prestimulation ITC and power were calculated for each frequency, for High and Low GMFA groups, at this channel. Both were derived from a time-frequency transformation of the data using Hanning tapers with a frequency-dependent window of three cycles/frequency analyzed, calculated from 2 to 50 Hz. Three cycles were chosen because this is the minimum number required to obtain a reliable measure of the "instantaneous phase" (Le Van Quyen et al. 2001 ) while still allowing estimation of phase and power in the pre-TMS interval uncontaminated by the pulse itself. (Note that this restricts the prestimulation time-window of observation to effectively 1.5 cycles per frequency of interest.) The difference between High and Low GMFA groups was compared with a surrogate distribution of difference values (power difference between High and Low GMFA groups, or ITC difference between High and Low GMFA groups) obtained through a bootstrapping procedure as follows. For each subject, trials were randomly assigned to one of two groups and a difference in power and ITC was calculated for channel P1 data. This was repeated 10,000 times per subject. From this, a grand average distribution was derived by selecting a difference sample from each subjects' surrogate distribution and calculating a grand average difference in power or ITC. This procedure was also repeated 10,000 times. Finally, we identified clusters of frequency-time points prestimulation that showed significant differences in power or ITC (between High and Low GMFA bins) relative to this surrogate distribution, with significance differences defined as those samples showing Ͻ5% of null samples to be above the experimental sample (similar to P Ͻ 0.05). To correct for multiple comparisons, we also identified clusters of frequency-time points that were corrected considering a false discovery rate of 5% (Benjamini and Hochberg 1995) . Note that, due to the nature of EEG-derived spectrograms, however, each test is not truly independent of all the others so this correction is overly conservative, thus we present both sets of results (corrected and uncorrected).
STEP 2. Having determined that the prestimulation phase at 20 Hz and Ϫ150 ms (defined by the results from step 1, see Fig. 2A ) predicts the amplitude of the GMFA, in the second part of the analysis, we sought to characterize the relationship between prestimulation phase at this frequency and time point and the spectral properties of the TMS-ER in the beta band. We calculated the prestimulation phase of data derived from channel P1. As above, the time-frequency representation of the data was derived using Hanning tapers and a window length of three cycles, at 20 Hz and Ϫ150 ms. Because the analysis was focused on discovering patterns in the data, as opposed to testing a priori predictions about the effects of stimulating at particular phase angles, the data were binned into 10 phase bins (36°each). To analyze spectral properties of the TMS-ER within each bin, we calculated the average power from 10 to 400 ms after TMS onset for each bin (using Hanning tapers, window length 3 cycles; evaluated from 15 to 25 Hz), referred to as the "TMS-evoked power." To determine if prestimulus phase had a significant effect on the TMS-ER, we compared these data to the "null result," the TMS off condition, which captures the naturally present relationship between ongoing phase and power fluctuations in oscillatory activity. In other words, we accounted for the relationship one might expect to exist between power and phase at one time point and the power of the signal at a subsequent time point, absent the delivery of TMS. To do this, trials from the TMS off condition were epoched into two subtrials per delay period similar to the TMS on condition, such that one set of subtrials was centered at 750 Ϯ 250 ms after delay onset and an equal number at a second time point 2,000 Ϯ 250 ms after that. For each condition, power in the 10 -400 ms time window will be referred to as the "poststimulation" power, even though no TMS pulses were delivered in the TMS off condition. Similarly, the phase before time 0 will be referred to as "prestimulation" phase. Because the pattern of effects is not known a priori, we chose to use a two-way ANOVA with phase bin (1-10) and TMS (on and off) as within subject factors to determine if prestimulation phase at a particular channel predicted poststimulation power in the beta band. Bonferroni correction (type 1 error ␣ ϭ 0.05) was done for multiple comparisons, although note that this test is not optimal for analysis of these data since the electrodes are contiguous in space and thus the tests are not truly independent.
RESULTS
All subjects showed a significant difference in mean GMFA between High and Low poststimulation GMFA conditions (two-sided unpaired t-tests, Ps Ͻ 0.05; Fig. 1B) , confirming the validity of using this procedure to obtain an outcome measure for the subsequent analyses. Note there was no significant effect of TMS on performance accuracy of the spatial STM task [mean %accuracy on TMS on trials was 84.38 (SD ϭ 8.37) and on TMS off trials was 84.06 (SD ϭ 8.75); P Ͼ 0.99; Johnson et al. 2012] . Furthermore, there was no effect of pulse position (pulse 1 vs. 2) on the categorization of GMFA (oneway ANOVA with subject as a repeated measure, F ϭ 1.3, P ϭ 0.26). We will first describe the effects of the prestimulation phase on the TMS-ER (step 1 and step 2 analyses), followed by consideration of the effects of prestimulation power on the TMS-ER (step 1 only).
TMS-ER Is Influenced by the Prestimulation Oscillatory Phase
For step 1 of the analyses, we found that prestimulation phase in the beta and gamma bands predicted the amplitude of the TMS-ER, as measured using GMFA. Results indicated that the ITC from 15 to 25 Hz (Ϫ200 to Ϫ150 ms) pre-TMS, corresponding to the beta band, and from 33 to 41 Hz (Ϫ330 to Ϫ280 ms) and from 33 to 50 Hz (Ϫ180 to Ϫ80 ms) pre-TMS, corresponding to the gamma band, predicted whether the GMFA would be High or Low (all Ps Յ 0.05, uncorrected, Fig. 2A ). Elevated phase coherence in these bands and time points predicted elevated GMFA from 10 -400 ms post-TMS (i.e., the duration of the TMS-ER). The effect was present for each frequency within those bands (i.e., effects were present over continuous frequencies and time points). After correction for the false discovery rate, one cluster remained in the beta band (all Ps Յ 0.05, corrected, Fig. 2A) .
Using this information, in step 2 of the analysis, we determined that, for TMS on trials, poststimulation power in the beta band showed maximal amplitude at particular phases at 20 Hz and at Ϫ150 ms (point within the cluster that survived multiple comparisons testing, Fig. 2A ), and these phases differed from those underlying the relationship between beta-band power and phase in the TMS off condition. We needed to account for temporal dependencies of sorting by prestimulation phase, because it is likely that there is a relationship between phase at one time point and a later time point, regardless of the influence of TMS. To do this, we compared the TMS on condition to the cognitively equivalent TMS off condition (i.e., the TMS ϫ phase bin interaction; see METHODS). This analysis revealed a significant effect of prestimulation phase at 20 Hz on post- Table 1 ). There was a main effect of phase at channels AFz, AF4, Fz, F2, FC2, P3, P5, PO3, and O1 (Ps Յ 0.05, Table 1 ). The abovementioned channels showed a significant TMS ϫ phase bin interaction (Ps Յ 0.05, Table 1 ). On visual inspection of the data, the pattern of this effect across phase bins was qualitatively similar across these channels (Fig. 3, B and C) . Poststimulation power was elevated relative to power in the TMS off condition, when the prestimulation phase in the beta band was between Ϫ4/5 and Ϫ3/5 radians (Ϫ143 and Ϫ108°) and between /5 and 2/5 radians (37 and 72°). Note the phase of the sorting frequency is shown as a "descriptive cycle" on the cumulative plot shown in Fig. 3C for illustration.
TMS-ER Is Not Influenced by Prestimulation Oscillatory Power
Prestimulation power did not predict the magnitude of the TMS-ER as quantified by the GMFA. Results showed no significant effects within the time windows allotted for this analysis (Fig. 2B) . Because no significant clusters were found in the step 1 analyses, step 2 analyses were not performed for prestimulation power.
DISCUSSION
The present study sought to find elements of the ongoing EEG that relate to the brain's momentary state of excitability and connectivity, as measured by the TMS-ER. Specifically, we investigated whether trial-by-trial variation in prestimulation phase or power at the site of TMS predicted subsequent variations in one measure of brain activation, the TMS-ER, which is sensitive to global brain states such as sleep stages (Massimini et al. 2005) , levels of clinically determined consciousness (Rosanova et al. 2012) , and cognitive context (Johnson et al. 2012 ). The present report describes results of an analysis of data from Johnson et al. (2012) at a finer temporal scale than has previously been studied. Specifically, we investigated whether the TMS-ER was sensitive to moment-bymoment fluctuations in oscillatory activity during STM, as measured by the prestimulation phase and power across frequency bands. This question has been previously addressed during nonrapid eye movement sleep using frequencies Ͻ1 Hz (Bergmann et al. 2012) but not during an awake task state. At the whole-brain level, results obtained in step 1 of the analysis revealed that the prestimulation phase in the beta-and gamma-frequency bands predicted the global amplitude of the TMS-ER, summarized by the GMFA. Only the beta-band cluster survived a test of multiple comparisons. In contrast, we found no reliable relationship between prestimulation power and the GMFA in any frequency band. Follow-up analysis showed that TMS-evoked power in the beta band had maximal amplitude when the prestimulation (Ϫ150 ms) phase at 20 Hz was between Ϫ4/5 and Ϫ3/5 radians (Ϫ143 and Ϫ108°) and between /5 and 2/5 radians (37 and 72°). This roughly corresponds to the rising and falling slopes of a cosine curve. . A: topoplots of the difference between beta band power for TMS on minus TMS off at each phase bin. Stars mark channels that showed a significant phase bin ϫ TMS (TMS on vs. TMS off ) interaction (Ps Յ 0.05). B: beta-band power at each phase bin for channels that showed a significant phase bin ϫ TMS (TMS on vs. TMS off ) interaction. TMS on is in red, and TMS off is in blue; 10 phase bins, from Ϫ to , 36°per bin. Standard 10 -10 electrode channel layout was used. C: summary: mean poststimulation beta-band power across channels shown in B at each phase bin with descriptive cycle of the sorting frequency in dashed gray.
To our knowledge, this observation reflects a previously undescribed means by which TMS influences ongoing brain activity. This pattern of effects was distributed across central, parietal, and occipital channels. These results provide evidence supporting the proposal that the brain's internally generated rhythms create a meaningful temporal context that determines the immediate, instantaneous brain state, as measured by the TMS-ER. Intriguingly, Monto et al. (2008) have shown that infraslow oscillations (0.0 to 0.1 Hz) organize all other spectral frequencies, which reach their peaks at Ϫ/2 radians of the infraslow oscillations. This property is also reflected in behavioral performance peaks. Such infraslow oscillations, it is suggested, might influence the general excitability of cortical networks. Somewhat relatedly, it has been shown in rats that long-term potentiation can be induced when high-frequency bursts are applied at the poststimulation peaks of the stimulusinduced phase reset theta wave but not at the troughs (Hölscher et al. 1997) . Although at present this is little more than speculation, these effects might account for why, in the present study, the TMS-ER was largest at the rising and falling phaseto-peak of the sorting (beta band) frequency. It is important to keep in mind, however, that the observations made in the step 2 analysis are preliminary and require follow-up in a properly designed experiment with greater numbers of trials. In general, the origin of high-frequency oscillations, such as the beta and gamma bands, is not known, and furthermore, it is not known how polarity shifts might change with recording electrode and reference position. The sensitivity of the TMS-ER to prestimulation phase is in line with the general theory that underlying oscillations produce fluctuations in cortical excitability (Bishop 1933; Buzsáki and Draguhn 2004) . A related possibility, particularly relevant for our step 2 analysis, is that these results reflect increased communication between distal brain regions, without involving an increase in excitability per se. For example, it is possible that a distal region could be at an equivalent level of excitability on two trials, but if the inputs are more effectively phase synchronized on trial B than on trial A, that the evoked response to trial B would be greater. These two possibilities are by no means mutually exclusive. By either explanation, our data support the proposal that fluctuation in the phase of an underlying oscillation effectively creates "windows of excitability" during which the brain, or a particular brain area, is in a state that is more open to perturbation or communication with other brain areas (Dugué et al. 2011) . We find that this is literally true in the context of TMS. The TMS-evoked power in the beta band is larger when TMS is delivered at particular phases of that band. In the context of a subject performing a STM task, the prestimulation phase in the beta band predicted subsequent effects in the poststimulation beta-band power.
Interestingly, we did not find a significant relationship between prestimulation power and GMFA. Although either of these findings may seem to be at odds with some of the literature reviewed in the introduction, there are important methodological differences to keep in mind. One feature of the present study was the restricted time window during which we could assess prestimulation effects: from 500 ms prestimulation to 1.5 cycles (per frequency) prestimulation. Thus we cannot rule out the possibility that effects of prestimulus power might be present in our data if power could have been estimated at time points closer to TMS delivery. As for comparison to studies using visual perception as the dependent measure, it may be that fluctuations in alpha-band power that predict such factors as phosphene and stimulus detection thresholds reflect relatively local dynamics within the occipital cortex, whereas the power fluctuations observed during a visual STM task, such as that featured in the present study, likely reflect long-range interactions between distal brain areas, including frontoparietal regions (Kundu et al. 2013) . If this were the case, regional phase synchronizing long-range connectivity would be more pronounced in the case of complex tasks such as STM compared with relatively regional phenomena such as visual perception.
In general, the results from the present study provide empirical support for theoretical accounts that fluctuating phase of ongoing oscillations creates windows of excitability in the brain. Furthermore, they give insight into how TMS interacts with ongoing brain activity on a pulse-by-pulse basis. Thus they are applicable to understanding the electrophysiological and biological underpinnings of studies using single-pulse as well as repetitive TMS for a wide range of applications from basic science to medicine.
